The allele Mx regulates the extent to which interferon alpha/beta inhibits the growth of influenza viruses in mouse cells such as peritoneal macrophages. The time course of induction of the antiviral state against an influenza A virus is comparable in macrophages with and without Mx and is similar to that found with vesicular stomatitis virus. In contrast, the decay of the antiviral state against influenza virus is markedly slower in Mx-positive cells and slower than that against vesicular stomatitis virus observed in either Mx-positive or Mx-negative cells. Thus, after removal of interferon alpha/beta, Mx-positive cells remain protected against influenza virus at times when they have lost protection against vesicular stomatitis virus. These results suggest that interferon alpha/beta treatment activates different antiviral mechanisms, each acting against distinct groups of viruses and each independently controlled by host genes.
Cells treated with interferon (IFN) require several hours of incubation to develop antiviral protection. When IFN is removed, protection decays until full susceptibility to viral infection is regained. Thus, the time course with which the antiviral state is induced and subsequently decays may influence the IFN sensitivity of a distinct cell type or virus.
We have previously reported that alleles at the Mx locus of a mouse selectively influence the potency of IFN alpha/beta to inhibit influenza virus replication (1, (4) (5) (6) (7) . The allele Mx enhances the protective effect of IFNs against influenza viruses without influencing the protection against other viruses (1, 7). We have now analyzed the effect of the Mx allele on the kinetics of the development and the decay of the antiviral state against an influenza A virus and vesicular stomatitis virus (VSV), using virus yield reduction in mouse peritoneal macrophages as a simple assay.
Peritoneal macrophages were harvested from A2G mice (homozygous for Mx) and A/J mice (lacking Mx) as described previously (5, 7 (Fig. lc) .
To assay the kinetics of the decay of the antiviral state, macrophage cultures were ex- (3) , and after washing, antibodies were again included in the medium. Virus yields were assayed after 18 h of incubation as described previously (1), and the mean titers of four independent cultures were determined. posed to various IFN concentrations for 18 h. IFN was then removed and replaced by AIFN, and at various time intervals thereafter, cultures were infected, and virus yields were assayed 18 h later.
A representative decay experiment is shown in Fig. 2 . With increasing time of incubation after removal of IFN, viral titers increased. In A2G cells challenged with M-TUR virus, the antiviral protection was long lasting. For instance, after 40 U of IFN per ml, susceptibility was not regained over the test period of 10 days (Fig. 2a) . In A/J cells, the antiviral state was short lived. Full susceptibility to M-TUR virus was found 1 to 4 days after removal of IFN, even when high doses were used (Fig. 2b) . Thus, the decay of protection observed with M-TUR virus in A2G cells was unusually slow-in fact, slower than most decay rates so far described (14) even when cells in a quiescent stage (similar to our nondividing macrophages) were used (9) .
With VSV as challenge, no such differences in the rates of the decay of the antiviral state were found, and the time course of the decay was similar to that seen in A/J cells challenged with M-TUR virus and was also similar to that observed in other mouse (14) or human (2) systems (Fig. 2c) . Thus, A2G cells remained protected against M-TUR virus at a time when they had regained full susceptibility to VSV, indicating that the antiviral states against M-TUR virus and VSV decayed independently. It has been reported previously (8) that decay rates of IFN-induced resistance vary with the test virus used. However, these studies dealt with one cell type, and it was therefore impossible to decide whether the different viruses exhibited different sensitivities to a common antiviral mechanism or whether different viruses were inhibited by distinct mechanisms, each of which would decay with its own kinetics, as discussed by Hallum (8) . Because in our case the IFN sensitivity of influenza virus varied with the host cell genotype, whereas that of VSV did not, we can exclude the possibility of differences in the sensitivity of these two viruses to a common antiviral mechanism. This is in agreement with the fact that IFN treatment may inhibit replication of different viruses in different ways and at different steps of replication (10) . These and our present observations support the hypothesis that IFN activates several defense mechanisms, each inhibiting certain groups of viruses (4) .
To test whether the differences in the decay rates were relevant for the time course of virus growth after IFN were infected in the presence of AIFN after IFN treatment, and viral titers were determined at various time points after infection (Fig. 3) . In A/J cells, growth of M-TUR virus was reduced for only a short period of time, and final viral titers were as high as in non-IFN-treated cultures. In A2G cells, however, viral titers never reached levels found in non-IFN-treated control cells, even when low doses of IFN (e.g., 4 U/ml) had been used to protect the cells. With VSV as challenge virus, no such difference between A2G and A/J cells was observed ( Fig. 3c and d ).
This suggests that the rate of decay of the antiviral state is a relevant parameter for the time course of viral growth.
Cells from A2G and A/J animals differ at many loci besides Mx (4 Thus, when infected 6 days after IFN treatment, macrophages prepared from mice surviving the infection were protected, and those from mice that succumbed to infection were not. Although based on a small number of backcross animals, these results suggest that resistance of animals in vivo and the slow decay of the antiviral state of cells in culture are genetically linked, and that both traits are due to the same allele, Mx. 11. Lindenmann, J., E. Deuel, S. Fanconi, and 0. Haller. 1978 
